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Flow Characteristics in the Dilated Left Ventricle With Thrombus: 
Qualitative and Quantitative Doppler Analysis 
SEYMOUR S. MAZE, MB, CHB, MORRIS N. KOTLER, MD, FACC, WAYNE R. PARRY 
Philudelphia, Prnns~l~wzim 
In an attempt to determine whether mural thrombus in a 
dilated left ventricle is associated with specific flow pat- 
terns, a study was undertaken to assess qualitatively and 
quantitatively the flow characteristics by conventional 
pulsed and two-dimensional Doppler color flow examina- 
tion. Forty patients with cardiomyopathy formed the study 
group (20 with an apical thrombus and 20 without), The 
groups did not differ with respect to age, gender, origin of 
ventricular dysfunction, ventricular size and ejection frac- 
tion. Guided by the Doppler color flow pattern, a quanti- 
tative analysis of flow velocity profile in the ventricular 
inflow and outflow “compartments” was performed by 
serial pulsed wave Doppler sampling. 
Inflow velocity at the ventricular apex was significantly 
lower in the thrombus group than in the no thrombus group 
(11.7 it 15.3 versus 28.3 + 10.5 cm/s, p < 0.0001). Flow 
velocities were generally lower in the thrombus group at the 
other levels in the inflow compartment (that is, mitral 
anulus, leaflet tips and papillary muscle level). The systolic 
flow velocity at the apex was similarly significantly lower in 
the thrombus group than in the no thrombus group (7.1 & 
8.1 versus 15.3 2 7.0 cm/s, p < 0.001). Additionally, a 
higher prevalence of mitral regurgitation was noted in the 
no thrombus group (14 patients) than in the thrombus 
group (3 patients). 
Thus, specific abnormal flow profiles are associated with 
a left ventricular thrombus. Whether the abnormal flow is 
a primary event in the genesis of left ventricular thrombus 
or occurs secondary to development of the thrombus cannot 
be determined from this study. 
(J Am Co11 Cardiol1989;13:873-81) 
Left ventricular thrombus formation occurs frequently in 
dilated cardiomyopathy, with an autopsy incidence rate of 
757~ (I). Echocardiography is a well accepted and clinically 
useful technique for the detection of left ventricular throm- 
bus (2,3). Although the general determinants of thrombus 
formation are recognized, it is not clear why ventricles with 
apparently similar degrees of dysfunction seem to have 
different propensities for the development of thrombus. 
Doppler techniques have been employed in a number of 
cardiovascular disease states and have led to further under- 
standing of these conditions. On the basis of preliminary 
observations in our laboratory, where we have observed 
differences in flow velocity profiles in patients with cardio- 
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myopathy and those with a normal left ventricle, we hypoth- 
esized that left ventricular thrombus is associated with a 
specific abnormal flow profile. Other investigators (4-6) have 
since presented information that supports this concept. 
The purpose of this study was to assess qualitatively and 
quantitatively the left ventricular blood flow characteristics 
by conventional pulsed Doppler and two-dimensional color 
flow examination in two groups of patients with dilated 
cardiomyopathy (one group with a left ventricular mural 
thrombus and the other without a thrombus). 
Methods 
Study patients. During the period from September 1986 
to May 1987, all patients with dilated cardiomyopathy re- 
ferred to the noninvasive laboratory for routine evaluation 
received comprehensive two-dimensional, spectral Doppler 
and Doppler color flow echocardiographic examinations in 
an attempt to characterize left ventricular flow dynamics in 
dilated cardiomyopathy. For the purpose of this study, 
dilated cardiomyopathy was defined by two-dimensional 
echocardiography as a dilated left ventricle with either global 
reduction of systolic function or extensive wall motion 
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abnormalities with an ejection fraction ~40%. Eighty pa- 
tients were studied, of whom 74 (92.5%) had a technically 
satisfactory examination. Of this group of 74 patients with 
dilated cardiomyopathy, 20 had two-dimensional echocar- 
diographic evidence of a left ventricular thrombus. The 
study group consisted of 40 patients, including the 20 pa- 
tients with a left ventricular thrombus and the first 20 
unselected patients with dilated cardiomyopathy but without 
a left ventricular thrombus. 
Categorization into ischemic and nonischemic cardiomy- 
opathy categories was based on a combination of available 
historical, electrocardiographic, echocardiographic and 
catheterization evidence of coronary artery disease. Four 
patients in the thrombus group and two in the no thrombus 
group were receiving anticoagulant therapy at the time of the 
study. Eighteen patients in each group were in sinus rhythm. 
The remaining two in the thrombus group had atria1 fibrilla- 
tion, and in the no thrombus group one patient had atria1 
fibrillation and the other demonstrated a paced ventricular 
rhythm. 
Echocardiography. The studies were performed with 
commercially available ultrasound equipment with pulsed, 
continuous and Doppler color flow imaging capabilities 
(Corometrics, Aloka 860). The patients were examined in 
either the left lateral decubitus or the supine position. 
Two-dimensional images were obtained with use of both a 
3.5 and 2.5 MHz transducer, and multiple standardized 
transducer locations were employed. The 3.5 MHz trans- 
ducer provided better two-dimensional resolution and a 
lower threshold for detection of flow velocity, whereas the 
2.5 MHz transducer provided better penetration for superior 
evaluation of regurgitant lesions. Variable gain and depth 
settings were used to optimize epicardial, endocardial and 
thrombus margin definition. 
The echocardiographic definition of a thrombus was an 
echogenic mass with well defined margins adjacent to an 
asynergic myocardial segment, easily distinguishable from 
other intracardiac structures such as anomalous left ventric- 
ular chords or trabeculations, and seen in more than one 
view and visible throughout the cardiac cycle (2,3,7,8). All 
thrombi were located at the apex with a mean area measure- 
ment of 4.7 1 ? 3.25 cm’. The thrombi varied in configuration 
as well as in echogenic characteristics. In all instances, the 
diagnosis of ventricular thrombus was agreed on by two 
independent investigators in a blinded manner. Patients with 
an equivocal diagnosis of ventricular thrombus or with 
features suggestive of ventricular hypertrophic trabecula- 
tions and aberrant bands were excluded from the study (8). 
Left ventricular volumes were derived from either the 
single plane or biplane Simpson’s rule algorithm (9) with use 
of a commercially available graphics analysis system (Micro- 
sonics 886). Left ventricular ejection fraction was calculated 
from the volume determinations. Wall motion at the apex 
(which was the site of the thrombus in all cases) was scored 
according to the following numerical assignment system: 
normal = 0; hypokinetic = 1 + ; akinetic = 2+ ; dyskinetic = 
3+ and hyperkinetic = -1 (10). 
The characteristics of the two groups are displayed in 
Table I. The groups were comparable with respect to age, 
gender, origin of ventricular dysfunction, ventricular size, 
apical wall motion score and ejection fraction. 
Doppler color flow mapping. This technology provides a 
ready visual appreciation of the “physiologic compartmen- 
tation” of the left ventricle into a posterolateral inflow 
compartment (flow directed from the base, apically) and 
anteromedial outflow compartment (flow directed from the 
apex, basally) in patients with dilated cardiomyopathy. 
Hereafter they are referred to as the inflow and outflow 
compartments (Fig. 1). This display facilitates the accurate 
positioning of the pulsed wave Doppler sample volume in the 
left ventricle, allowing precise characterization and mea- 
surement of flow in predetermined areas of interest. The 
inflow compartment pattern was examined at the level of the 
mitral anulus, the tips of the mitral leaflets, the level of the 
papillary muscles and as close as possible to the apex where 
there was no interference by wall motion artifact (usually 
within 1 cm of the thrombus or endocardium). The outflow 
pattern was examined at the apex, the papillary muscle level, 
the mitral valve level and in the immediate subaortic region 
(Fig. 2 and 3). 
The Doppler velocity projle was determined from the 
apical four chamber or long-axis view, or both. For the 
pulsed wave Doppler study, the lowest possible pulse repe- 
tition frequency was used to enhance visualization of low 
flow velocities, and a higher pulse repetition frequency was 
used only when flow velocities exceeded the Nyquist limit. 
The Doppler filter, in both spectral and color flow imaging, 
was kept at the lowest setting (200 MHz) to provide the best 
display of low velocity at the apex. 
Doppler measurements. Recordings of the spectral dis- 
play were made at a paper speed of 50 to 100 mm/s. 
Measurements were made on hard copy recordings with a 
digitizing tablet or in video overlay using the graphics 
analysis system. Early peak inflow and peak outflow veloc- 
ities were measured. In all instances, a minimum of three 
representative Doppler signals was measured. Because of 
the extremely low velocities and the degree of spectral 
dispersion, especially near the apex, all velocity measure- 
ments represent the outer edge of the spectral envelope 
rather than the modal velocity. Very low velocity random 
fluctuations around the baseline that could not be reliably 
quantitated were assigned a value of zero. Axial M-mode 
Doppler color flow studies were performed from the apex, 
with alignment of the interrogating cursor through the inflow 
and outflow compartments. Mitral regurgitation, as deter- 
mined by Doppler color flow imaging, was semiquantitated 
by relating the area of the regurgitant jet to the left atria1 
area, with a ratio of <20% being mild mitral regurgitation, 20 
JACC Vol. 13. No. 4 MAZEETAL. 875 
March IS. 1989:873-X1 DOPPLER FLOW CHARACTERISTICS OF DILATED CARDIOMYOPATHY 
Table 1. Patient Characteristics in the Two Study Groups 
Pt 
LVV-d 
(ml) 
LVV-s 
(ml) 
EF Apical 
WMS 
MR Age (yr) & 
Gender 
Thromb 
CSA Etiol 
Thrombus 
8 
9 
IO 
II 
I? 
I3 
14 
I5 
I6 
17 
IX 
19 
20 
lb8 I35 0.20 
300 134 0.22 
229 I85 0.19 
225 I63 0.X 
173 I52 0.12 
245 227 0.12 
207 168 0.19 
I45 126 0.13 
210 134 0.30 
213 133 0.38 
1x4 168 0.09 
230 I89 0.21 
148 115 0.22 
265 223 0.16 
214 192 0.10 
I29 94 0.27 
I56 I20 0.23 
2s.5 166 0.26 
207 IS9 0.23 
?I? 176 0.24 
I99 + 4x* 160 2 42* 0.20 + 0.07* 
I - 
2 - 
3 - 
2 
3 - 
3 
3 
I - 
i 
I - 
I 
3 - 
I - 
L - 
I - 
2 
3 Mild 
I Mod 
I Mod 
1.9 + 0.09* I 
55M 2.4 
44M 2.6 
52M 2.5 
68M I.5 
85F 5.2 
73M 5.7 
68M 2.4 
68M 4.7 
73M IO.1 
73M 5.0 
38M 4.1 
77M 8.5 
86F 8.9 
62M II.1 
40M 2.8 
39M 2.4 
4SM I.6 
66M 9.9 
69M I.2 
64M 1.6 
62 i l5* 4.7 i 3.3t 
N 
I 
I 
N 
I 
I 
I 
N 
I 
N 
N 
I 
N 
N 
I 
1 
N 
I 
* 
No Thrombus 
2 
8 
9 
IO 
II 
I? 
I3 
14 
I5 
I6 
17 
18 
I9 
20 
327 
174 
I.54 
197 
213 
I70 
301 
203 
151 
I90 
337 
293 
231 
212 
340 
300 
I62 
36.5 
264 
172 
‘37 i 75* -_- 
262 
I48 
II5 
174 
I72 
138 
7j? _.I 
I33 
129 
163 
2X6 
2 IO 
I94 
IX9 
301 
253 
I 19 
2X8 
216 
I52 
I91 z 65* 
0.20 
0.15 
0.25 
0.12 
0.19 
0.18 
0.17 
0.34 
0.1s 
0.14 
0.13 
0.28 
0.19 
0.14 
0.11 
0.16 
0.14 
0.21 
0.18 
0.12 
0.18 + 0.07’ 
2 
3 
I - 
3 
L 
1 
3 Mild 
I Mild 
I Mild 
I Mild 
3 Mild 
2 Mild 
2 Mild 
I Mild 
I Mod 
I Mod 
I Mod 
2 Mod 
I Mod 
I Sev 
I.7 t 0.081 * 
72M - N 
63M - I 
57M - I 
70M - I 
66M - I 
67M - I 
66M 1 
64M - I 
65F - N 
53M N 
44M N 
72M - 1 
82M - I 
92F - 1 
72M - I 
46M - N 
92M - I 
58M - I 
65F - I 
75F - 1 
67 + l3* : * 
*p = NS; tp i 0.0001. Apical WMS = regional wall motion score at the apex: EF = ejection fraction: Etiol = probable cause of dilated cardiomyopathy: 
1 = ischemic; LVV-d = diastolic left ventricular volume: LVV-s = systolic left ventricular volume; Mod = moderate: MR = mitral regurgitation; N = 
nonischemic; Sev = severe: Thromb CSA = cross-sectional area of left ventricular mural thrombus (cm’). 
to 40% being moderate mitral regurgitation and a ratio of 
>40% being severe mitral regurgitation (11) (Fig. 4). 
Results 
Statistics. Statistical analysis of the difference between Inflow compartment flow velocities (Table 2). Although 
groups was performed with use of the unpaired t test or the inflow velocities were generally lower in the thrombus 
chi-square test. Data are presented as the mean values c group at the anulus, the mitral leaflet tips and the papillary 
SD. muscle level than in the no thrombus group, the difference 
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Figure 1. Doppler color flow map, apical four chamber view. 
Physiologic compartmentation of the left ventricle into a posterolat- 
era1 inflow compartment (orange) and an anteromedial outflow 
compartment (blue) can be appreciated. Pulsed wave Doppler sam- 
pling was performed at the sites labeled “I” in the inflow compart- 
ment and at the sites labeled “0” in the outflow compartment (see 
text). 
approached but did not reach statistical significance. How- 
ever, at the apex, the inflow velocity in the thrombus group 
was significantly lower than that in the no thrombus group 
(11.7 + 15.3 versus 28.3 + 10.5 cm/s, p < 0.0001). Indeed, 
apical inflow was absent in 10 of the 20 patients in the 
thrombus group, whereas it was present in all patients in the 
no thrombus group. However, in 3 of the 10 with absent 
apical inflow, apical systolic outflow signals were recorded. 
A progressive reduction in inflow velocity from the mitral 
valve to the apex was observed in both groups (Fig. 5). 
Outflow compartment flow velocities (Table 2). The apical 
systolic flow velocity was significantly lower in the thrombus 
than in the no thrombus group (7.1 t 8.1 versus 15.3 + 7.0 
cm/s, p < 0.001). The outflow compartment velocities at 
other regions in the left ventricle were not significantly 
different between the groups. Ten of the 20 patients in the 
thrombus group had undetectable apical systolic outflow, 
whereas only 1 of the 20 in the no thrombus group had absent 
outflow. Seven in the thrombus group were among the 10 
patients who demonstrated absent apical inflow. Thus, three 
patients in the thrombus group had either an isolated ab- 
sence of apical inflow or apical outflow (Table 3). A progres- 
sive acceleration of outflow compartment velocities from the 
apex through the ventricle was observed in both the throm- 
bus and no thrombus group. 
On Doppler co/orJI~~~ imaging, deepening shades of red 
OUTFLOW INFLOW 
Figure 2. Spectral Doppler profile in the inflow and outflow com- 
partments at various sites in a normal ventricle. In the inflow 
compartment (right), early filling velocity progressively diminishes 
from the mitral valve (MV) to the apex, the early and late filling 
peaks become less easily separable and the time to the onset of 
inflow is progressively delayed toward the apex. In the outflow 
compartment (left), a progressive increase in systolic velocity from 
the apex to the base is observed. PM = papillary muscle level. 
and blue to black are indicative of very low velocities or 
absence of flow and, in most instances, a reliable visual 
distinction between high and low flow velocities could be 
made and subsequently confirmed by spectral Doppler anal- 
ysis (Fig. 6). Axial M-mode Doppler color flow study en- 
hanced the two-dimensional color flow map, permitting 
ready appreciation of the magnitude of velocity and the 
temporal and spatial profile of blood flow along the long axis 
of the left ventricle. 
Presence of mitral regurgitation. In this study, we noted a 
higher prevalence of mitral regurgitation in the no thrombus 
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INFLOW 
Figure 4 (below). Semiquantitation of mitral regurgitation by Dop- 
pler color flow mapping. The area of the mitral regurgitant jet (MR) 
is related to the area of the left atrium (LA). The ratio here. 8. I to 
25.4 cm’ (32’S), is consistent with moderate mitral regurgitation. 
LV = left ventricle. 
BASE 
Figure 3 (top). Doppler color flow profile in a patient with dilated 
cardiomyopathy. Outflow is shown at left, inflow at right, apex at 
top and base at bottom. In the inflow compartment (two frames on 
the right) the site of pulsed wave Doppler sampling (white ring) and 
corresponding spectral displays are shown. The initially high inflow 
velocity declines toward the apex, where it is often continuous (as in 
this example) throughout the cardiac cycle. In the outflow compart- 
ment. the low apical velocity and higher subaortic velocity are 
appreciated. 
group. Fourteen of the 20 patients in the no thrombus group 
had mitral regurgitation; the condition was categorized on 
Doppler color flow assessment as mild in 8, moderate in 5 
and severe in 1. Only three patients in the thrombus group 
had mitral regurgitation (mild in one and moderate in two) 
(Fig. 7). When patients were grouped according to the 
presence or absence of mitral regurgitation, the flow veloc- 
ities at all levels of left ventricular inflow were significantly 
higher in the patients with mitral regurgitation (n = 17) than 
in those without mitral regurgitation (n = 23) (Table 4). 
Wall motion score. The wall motion score (as determined 
by Gibson et al. [lo]) at the apex, which was the site of the 
thrombus in all cases, was not significantly different between 
the thrombus and no thrombus groups (1.9 5 0.09 and 1.7 k 
0.08. respectively). 
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Table 2. Doppler Flow Velocity Data in the Two Groups 
No 
Thrombus Thrombus 
(n = 20) (n = 20) p Value 
Peak Diastolic Early Flow Velocities (cm/s) in Inflow Compartment 
Level 
Anulus 50.4 + 23.5 56.7 + 20.2 NS 
Mitral valve 62.3 + 25.8 16.4 ? 21.6 NS 
Papillary muscle 40.8 t 21.4 52.3 ? 23.9 NS 
Apex 11.7 f 15.3 28.3 + 10.5 <O.OOOl 
Absent apical inflow 10 0 <o.oot 
Systolic Flow Velocities (cm/s) in Outflow Compartment 
Level 
Apex 
Papillary muscle 
Mitral valve 
Subaortic 
Absent apical outflow 
7.1 ? 8.1 15.3 2 7.0 <O.OOl 
19.3 ? 19.6 20.4 + 8.2 NS 
33.7 + 16.7 30.2 + 8.0 NS 
51.2 t 18.6 51.6 t 14.8 NS 
10 1 <O.ool 
Table 3. Summary of Apical Outflow (AO) Data in the 
Two Groups 
Thrombus No Thrombus 
(n = 20) (n = 20) 
A0 A0 A0 A0 
Present Absent Present Absent 
Inflow present 7 3 19 1 
Inflow absent 3 7 0 0 
Discussion 
Methodologic considerations. Although both conven- 
tional pulsed and Doppler color flow imaging have pitfalls 
and limitations, several precautions were exercised to avoid 
misinterpretation of flow signals in the present study. Care 
was taken to avoid interrogation of signals in the middle of 
the apical region by placing the pulsed Doppler sample 
volume slightly inferolateral (inflow compartment) or antero- 
medial (outflow compartment) because absence of a signal in 
this mid-apical region could well represent a perpendicular 
Figure 5. The spectral Doppler flow profile 
in a patient with an apical thrombus. The 
sites of pulsed wave Doppler sampling 
(ringed) and corresponding spectral pat- 
terns are shown. The inflow compartment 
is on the right, and the outflow compart- 
ment on the left. Note the random baseline 
fluctuation at the apex in both the inflow 
and outflow compartments. These veloci- 
ties could not be reliably quantitated and 
were assigned a value of zero. Abbrevia- 
tions as in Figure 4. 
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SYSTOLE DIASTOLE 
Figure 6. Doppler color flow imaging 
frames, systolic (left) and diastolic 
(right), in a patient with dilated cardio- 
myopathy with an apical thrombus (ar- 
rowhead). The deepening shades of red 
and blue to black toward the apex are 
indicative of low flow velocities in this 
region. Abbreviations as in Figure 4. 
orientation of flow rather than a true absence of blood flow 
(12). A 3.5 MHz transducer was used in all patients to 
provide the best compromise between the necessary ultra- 
sound penetration and the ability to measure the lowest 
possible blood flow velocity. In addition, a low flow velocity 
filter was used in both imaging modes to provide visualiza- 
tion of flow velocities as small as 3 cm/s (assuming a parallel 
orientation of flow with respect to the transducer). In the 
presence of normal or hyperkinetic left ventricular function, 
this approach to Doppler imaging would produce unaccept- 
able wall motion or “ghosting” artifacts. However, in this 
study of patients with a severely hypocontractile heart, wall 
motion artifacts were minimized and easily distinguishable 
from actual inflow- and outflow-oriented apical blood flow. 
These artifacts were manifest as brief, alternating. low 
intensity color “flashes,” which also spilled over into extra- 
cardiac space on the Doppler color image, and as equally 
brief, low velocity, random fluctuations about the baseline in 
conventional pulsed Doppler tracings. Whether or not this 
phenomenon obscures actual flow velocity data or has an 
impact on the clinical interpretation of the absence of 
Doppler-detectable flow clearly warrants further investiga- 
tion. However, in this study, these minor pertubations were 
equally present in both groups of patients and did not hinder 
20.0 
1 
4 15.0 
Figure 7. Bar diagram illustrating the presence and $ 
severity of mitral regurgitation (MR) in the two groups 
of patients. Three patients in the thrombus group and 14 $ “*O 
in the no thrombus group had evidence of mitral regur- 9 
gitation (p < 0.005). Q 5.0 
i 
~,~ o.o, 
THROMBUS 
the interpretation of specific flow abnormalities in the Dop- 
pler studies. 
Because the sensitivity of two-dimensional echocardiog- 
raphy in the detection of left ventricular thrombus is 77 to 
95% and the specificity is 86 to 93% (2,3,13), the diagnosis of 
ventricular thrombus in our series of patients is accurate and 
reliable. In addition, only patients with unequivocal throm- 
bus with a mean area of 4.71 cm* were included. The patients 
were selected in a blinded manner by two independent 
observers. Because aberrant bands and pathologic trabecu- 
lations can mimic or obscure fresh or organized thrombi (8), 
great care was taken not to include such patients in the study 
group. Although indium-1 11 platelet scintigraphy has a spec- 
ificity of 100% and a sensitivity of 71% (13), we did not 
employ this technique in our patients with dilated cardiomy- 
opathy. 
Inflow compartment Doppler flow velocities. The normal 
reduction in initial left ventricular inflow velocity from the 
mitral valve to the apex was observed in both groups. This 
phenomenon is probably related to a relative increase in the 
effective cross-sectional area of the inflow compartment 
relative to the filling volume as sampling takes place progres- 
sively towards the apex. The striking difference between the 
groups is the abnormality in the apical blood flow signal. 
??NCJ MR 
aMild MR 
a Modem te MR 
??Severe MR 
8 
NO THROMBUS 
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Table 4. Velocities (cm/s) in Mitral Regurgitation and No Mitral 
Regurgitation Groups at Various Levels in the Ventricle 
MR No MR 
(n = 17) (n = 23) 
Inflow 
Anulus 63.7 ? 17.5 43.7 ” 20.9 
Mitral valve 88.4 + 21.3 53.8 + 23.4 
Papillary muscle 59.6 t 30.0 34.2 ? 16.9 
Apex 31.2 2 13.3 11.7 ? 11.2 
Outflow 
Apex 14.5 2 8.3 8.8 + 8.0 
Papillary muscle 24.4 k 18.6 16.7 + 9.4 
Mitral valve 33.9 + 16.2 32.9 + 13.5 
Subaortic 51.3 + 14.6 51.7 + 17.8 
MR = mitral regurgitation; NS = not significant. 
p Value 
CO.01 
<O.Ol 
CO.01 
10.001 
CO.05 
NS 
NS 
NS 
Whether this reduced or absent signal represents actual 
absence of flow or the presence of weak flow signals below 
the instrument’s threshold for detection cannot be deter- 
mined with certainty. There is no other clinically valid 
technique by which these flow abnormalities can be quanti- 
tatively confirmed. It is not clear whether the abnormal flow 
pattern precedes the thrombus, and is a factor in its genesis, 
or whether the abnormal flow pattern develops after throm- 
bus formation. It seems intuitively appropriate to assume 
that the low velocity of apical blood flow and stasis predis- 
pose to the formation of the thrombus; however, further 
studies are needed to support this hypothesis. 
Outflow compartment Doppler flow velocities. The normal 
acceleration in left ventricular outflow compartment veloci- 
ties is seen in both groups as a result of both sequential 
augmentation by contracting segments and a reduction in 
cross-sectional area relative to the stroke volume toward the 
aorta. Furthermore, poorly and abnormally contracting 
myocardium might not be able to generate any detectable 
flow. The phenomenon of reduced or absent apical systolic 
flow is similar and has the same significance as reduced or 
absent diastolic flow. 
Absent inflow and outflow signals. Why some patients 
develop either absent inflow or outflow signals, or both, is 
not entirely clear. On the basis of recent observations by 
Beppu et al. (6) of abnormal blood pathways in the left 
ventricular cavity in the experimental production of acute 
myocardial infarction in dogs, it is possible that blood flow 
did not reach the apex, but was diverted upward to the 
outflow tract in the middle of the left ventricular cavity. 
Using contrast echocardiography, Beppu et al. (6) demon- 
strated that, in normal dogs, inflow blood spreads widely 
over the entire left ventricular cavity in one diastole. Most of 
the blood in the left ventricular cavity shifts in one diastole 
toward the apex and then turns toward the outflow tract. In 
dogs with apical infarction, two separate compartments in 
the left ventricular cavity with regard to flow characteristics 
were reported. One compartment was designated for blood 
turnover and the other compartment was separated from 
blood turnover. In addition, depending on the degree of 
asynergy, variable blood flow patterns were observed (6). In 
apical dyskinesia, distribution of the inflow blood toward the 
infarcted area was virtually absent with blood stagnation at 
the apex. In contrast, in apical akinesia, the inflow blood 
bifurcated into two streams, with stagnant blood developing 
between the two streams. Either abnormal flow pattern may 
be responsible for thrombus formation. On the basis of these 
variable flow characteristics as well as the inability to 
visualize blood flow patterns in a three-dimensional pattern, 
it is conceivable that absent inflow or outflow can occur 
alone or in combination in any patient with dilated cardio- 
myopathy and asynergy of the apex. 
Presence of mitral regurgitation. Early peak filling veloc- 
ity at the mitral valve level in patients with dilated cardio- 
myopathy is higher in patients with significant mitral regur- 
gitation, and the presence of mitral regurgitation may mask 
the abnormal filling profile of patients with cardiomyopathy 
(14-16). Our findings concur with these studies in that the 
mitral regurgitation group had significantly higher early 
filling velocities at all levels of the inflow compartment 
including the apex of the ventricle. In light of the low 
incidence of mitral regurgitation in the no thrombus group, it 
is interesting to speculate that the mitral regurgitation may 
serve a protective function for the development of thrombus 
in that there is a lesser tendency for thrombus to develop 
with the higher flow velocities. 
Left ventricular size, systolic function and the incidence 
of regional wall motion abnormality did not differ between 
the thrombus and no thrombus groups, suggesting that these 
are not major discriminatory variables in the formation of 
thrombus. 
Implications. We have shown an association between 
abnormal ventricular flow patterns (specifically reduction of 
apical flow velocity or absent flow) and left ventricular apical 
thrombus. Other workers (43) have also shown that abnor- 
mal apical flow patterns exist in patients with a mural left 
ventricular thrombus. We cannot determine from this study 
whether the abnormal flow profiles are the primary initiating 
or contributing events in the genesis of thrombus or are 
secondary phenomena and develop as a consequence of an 
already formed thrombus. A prospective study addressing 
this question is in progress in our laboratory. Of further 
interest, the relative absence of mitral regurgitation in pa- 
tients with ventricular thrombus and the relatively high 
incidence in patients without thrombus raise the question of 
whether mitral regurgitation with its associated higher inflow 
velocities is perhaps “thromboprotective.” 
Conventional pulsed Doppler combined with Doppler 
color flow imaging is a powerful tool by which further insight 
into the association between left ventricular thrombus and 
dilated cardiomyopathy may be forthcoming. The findings in 
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this study may, therefore. have important therapeutic impli- 
cations. 
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